After homologous recombination, the neo cassette remains within the mutant allele. N indicates cleavage sites for NdeI. The 5Ј probe identifies a 16 kb NdeI DNA fragment in the wild-type allele and a 12 kb NdeI DNA fragment in the mutant allele (see [B] ). Notations "1" and "2" indicate the location of the oligonucleotides used for PCR screening of the double-selected ES cells. The chimeric protein can specifically be recognized by anti-human Met antibodies raised against the unique carboxy-terminal peptide. Asterisk indicates the carboxy-terminal SH2 multifunctional docking sites (amino acids are numbered according to the human c-MET DNA sequence deposited at EMBL/GenBank with accession number X54559). Met WT/ϩ (ϩ/Ϫ) and met WT/WT (Ϫ/Ϫ) mice. The higher 8.8 kb band is the endogenous transcript, and the 7.2 kb band is the recombinant transcript. The difference in size is due to the fact that in the recombinant allele, the 3Ј untranslated region is substituted by the 1.2 kb ␤-globin 3Ј untranslated region and polyadenylation site. The probe used was a mouse met cDNA fragment located in the extracellular domain (see Experimental Procedures) common to both alleles. (D) Immunoprecipitation and Western blot of extracts of E15.5 homozygous and control (ϩ/ϩ) embryos. Left: the antibody used for immunoprecipitation and Western blotting was specific for the human Met protein. Right: the antibody used for immunoprecipitation and Western blotting was specific for the mouse Met protein.
Results
of a murine extracellular domain fused to a human transmembrane and cytoplasmic domain. The hybrid receptor can thus interact optimally with the endogenous liReplacement of the Wild-Type Met Receptor with Signaling Mutants gand (Rong et al., 1992) . Should the fusion exon be excised by an alternative splicing event, the coding sePoint mutations were introduced into the multifunctional docking sites of the Met receptor (Y1349VHVNATY1356VNV) quence would be out of frame and result in a functional knock-out. A set of three different constructs was made. using the "knock-in" approach (Hanks et al., 1995) . To construct the targeting vector, we inserted a human A wild-type human MET cDNA served to produce a control mouse (met WT ). A cDNA carrying a double Y→F sub-MET cDNA fragment (coding for the transmembrane and cytoplasmic domain of the receptor) in-frame as a casstitution (Y 1349 VHVNATY 1356 VNV→F 1349 VHVNATF 1356 VNV) was used to create a severe signaling mutant (met D ). sette in a mouse genomic clone ( Figure 1A ). The cDNA was followed by 1.2 kb of ␤-globin 3Ј-untranslated re-A cDNA carrying a N→H substitution that selectively disrupts Grb2 binding (Y 1356 VNV→Y 1356 VHV) was used to gion and polyadenylation site and by the neo cassette. The protein resulting from the targeted allele consists produce a partial loss-of-function Met mutant (met
Grb2
).
protein at similar levels and do not express the endoge- Figure 1B) . Recombinant ES cells were microinjected into C57BL/6J blastocysts to ning at E12.5. It has been reported that at this developmental stage, the met/hgf null mutants are 25% of the produce chimeric animals. Breeding of the chimerae with wild-type C57BL/6J animals gave the expected fretotal number of embryos (Schmidt et al., 1995; Uehara et al., 1995; Bladt et al., 1995) , and this was found to quency of heterozygous for all three constructs. Heterozygous mice did not show any apparent phenotype and be true also in the case of met D/D homozygotes. The number of live homozygous embryos started to decline were fertile. To compare the levels of endogenous and recombinant met transcripts, we analyzed by Northern at E13.5, was less than 10% by E16.5, and none were found alive beyond E17.5 (Table 1) . In summary, the blots RNA from liver of wild-type, heterozygous, and homozygous animals using a probe specific for the comtiming of lethality for met D/D embryos was very similar to that observed in the met/hgf null mutants, the only mon mouse Met extracellular domain. Figure 1C shows that the transcripts originating from the endogenous difference being that a few homozygous embryos survived one or two days longer. met D/D placentas and em-(8.8 kb mRNA) and mutated (7.2 kb mRNA) alleles are expressed at comparable levels. Extracts of E15.5 hobryos were reduced in size with respect to wild-type and heterozygous littermates (data not shown). The placenta mozygous mutant embryos were immunoprecipitated using anti-Met antibodies specifically recognizing either became visibly paler and smaller than controls one day earlier (E13. of the tongue, and diaphragm lacked muscles entirely. birth, probably owing to respiratory failure, as they appear cyanotic at death. Occasionally, a few met
All the affected muscles originate from migratory precursors (Wachtler and Christ, 1992 ; Ordahl and LeDouarin, homozygous animals survived for variable lengths of time, ranging from several days to a few months. During 1992). In Figure 2, Figures 2G-2L ), as in met null embryos .
frequency but died within a few minutes of respiratory failure. At birth, they retained a curled fetal position, and These observations show that while replacement of the endogenous Met protein with a murine-human futheir total muscle mass was visibly reduced ( Figure 3C ). The corresponding placentae appeared slightly smaller sion product per se has no effect on development, loss of both Y 1349 and Y 1356 produces a phenotype essentially compared with controls but were well vascularized (data not shown). coinciding with that observed in met and hgf null mutants.
To understand the reason for the abnormal limb posture in met Grb2/Grb2 mice, we sectioned and stained their forelimbs with hematoxylin-eosin. Figures 3D-3I show Mutation of the Met Grb2 Binding Site Affects Postnatal Viability and Development of Muscles sections of the forearm of met Grb2/Grb2 homozygous mutants at P0, compared with those of met WT/WT controls Deriving from Early Migratory Precursors In contrast to the embryonal lethality of met D/D embryos, and met Grb2/D mutants. In the limbs of met Grb2/Grb2 mice, the muscles are strikingly reduced (Figures 3E and 3H) . live met Grb2/Grb2 homozygous pups were obtained at the expected frequency. This indicates that the N→H mutaThis results in the prevalence of flexors over extensors, thereby causing the observed hyperflexed phenotype tion allows for development of a functional placenta, which is indeed morphologically normal in these mutant ( Figure 3B ). The muscle reduction is more extreme in met Grb2/D mutants (Figures 3F and 3I) . A pattern of mice (data not shown). met Grb2/Grb2 mice are easily identifiable at birth because of their hyperflexed forelimbs and "graded" reduction (comparable with that seen in the forelimbs) was also found in every other muscle deriving weak hindlimbs ( Figure 3B ). Otherwise, they do not significantly differ from the wild-type controls and are capafrom migratory myoblasts, such as those of the diaphragm ( Figures 3J-3L ), shoulders, hindlimbs, and tip ble of moving, feeding, and reacting to external stimuli. However, they die almost invariably several hours after of the tongue (data not shown). , 1995) . At P0, in met Grb2/Grb2 and met Grb2/D mutants, the medial region of the tongue was disorganized, and musnuclei located at the periphery, indicating that fusion had occurred. However, the defect observed could reflect a cle fibers appeared to be loosened and dissociated from each other ( Figures 5A-5C ). The same abnormal mordelay in the program of myogenic differentiation. To test this hypothesis, we examined, by in situ hybridization, phology was also observed in intercostal and body-wall muscles ( Figures 5D-5I ) and in back muscles. A closethe expression of the differentiation factor MyoD in embryos at E11.5, when MyoD mRNA is first detectable in up of back muscles ( Figures 5J-5L) shows that, in addition to the "loose" structure, there is also a difference the myogenic cells of the limb (Lyons and Buckingham, 1992) . MyoD was expressed at equivalent levels in the caliber and number of muscle fibers, particularly evident in the met Grb2/D mutant. in the developing axial muscles of met WT/WT controls, met Grb2/Grb2 , and met D/D mutant mice ( Figures 4A-4C ). The The appearance of this phenotype in muscles that develop normally up to mid-gestation suggested to us MyoD signal was absent in the limbs of met D/D mutants, reflecting the absence of myogenic cells at this site. In that Met could be required to mediate an event occurring in late myogenesis, such as the formation of secondary the limbs of met Grb2/Grb2 embryos, fewer cells were labeled relative to the met WT/WT control, but these few were fibers from fetal myoblasts. Secondary fibers (which begin to form at E14 in the mouse) are clearly detectable strongly MyoD-positive. These embryonic myoblasts thus undergo differentiation according to a normal timeat E17.5, interdispersed between primary fibers, and still distinguishable owing to the difference in their diameter. table. Myogenic precursors were then traced back at E10, when they first leave the somite and begin entering Primary and secondary fibers were counted on sections of intercostal muscles (double-stained for myosin and the limb bud. In situ hybridization with the met probe showed that in met D/D embryos, myoblast precursors fail laminin) obtained from E17.5 met WT/WT , met Grb2/Grb2 , and met Grb2/D embryos ( Figures 6A-6C ). The count revealed to migrate out of the somites ( Figure 4F ). Conversely, in met Grb2/Grb2 embryos, myoblast precursors initiate their a reduction in secondary fibers of 28% and 57% in met Grb2/Grb2 and met Grb2/D embryos, respectively (Table 2 ). migration in a way similar to that of met WT/WT controls ( Figures 4D and 4E) .
Fetal myoblasts lie quiescent beneath the basal lamina of primary myotubes throughout the embryonal phase of myogenesis until they resume proliferation, just Mutation of the Grb2 Binding Site Reveals That Met Signaling Is Required for before E14. The reduction in secondary fiber formation observed in the mutants suggested that HGF/Met could Development of Secondary Fibers While the most obvious anomaly in met Grb2/Grb2 mice at be involved in controlling proliferation of their precursors. To label myogenic nuclei in S phase, we injected birth was the defective development of limb muscles, the phenotype of the more severe met Grb2/D mutant pregnant mice twice with bromodeoxyuridine (BrdU) at E15 and 15.5, and they were sacrificed at E17.5. Labeled seemed to indicate that not only appendicular but also axial muscles were affected (see Figure 3C) . Thus, histonuclei were counted on sections of intercostal muscles obtained from E17.5 embryos (Figures 6D-6F ). In logical analysis was extended also to muscles (such as 
met
Grb2/Grb2 and met Grb2/D mutants, there was a reduction in in muscle at the appropriate time. In situ hybridization with a met-specific probe shows that met is indeed labeled nuclei of 33% and 52%, respectively, compared with the met WT/WT controls (Table 2 ). This result indicates expressed in intercostal as well as in axial muscles of E15.5 embryos, when fetal myoblasts are proliferating that a defect in the proliferation of fetal myoblasts is likely to account for the observed reduction in secondary ( Figure 7A ). It was of interest for the interpretation of the phenotype of the met Grb2/Grb2 mutant to verify whether fibers.
Met and Grb2 were coexpressed in myogenic cells before fusion into myotubes. To this end, we established
Met and Grb2 Are Coexpressed in Fetal Myoblasts
If Met is directly involved in the control of fetal myoblasts primary cultures of fetal myoblasts, starting from muscles recovered from limbs of normal embryos at E16.5 proliferation, it should be possible to detect met mRNA of development. The cell suspension was preplated on that the Met protein is easily detectable in myoblasts (lane 2) but is no longer expressed upon differentiation uncoated dishes to remove most of the fibroblasts. Myoblasts (which do not adhere to plastic) were plated on into myotubes (lane 3) and (as expected) is absent in fibroblasts (lane 4). Grb2, on the other hand, is excollagen-coated dishes and kept in a proliferation or differentiation medium (high or low serum) until they pressed in every cell type, and its level seems actually to increase following treatment with low serum, both in differentiated into twitching myotubes. Figure 7B shows the myogenic cell line used as control (lanes 5-6) and its SH2 domain and links them to downstream effectors via its SH3 domains. The most widely studied among in the primary cultures (lanes 7-8) .
the partners of Grb2 is the Ras guanine nucleotide exAlthough these results do not rule out the possibility changer Sos. We and others have shown that uncouthat other molecules could also bind to the the Grb2 pling Met from Grb2 lowers the HGF-dependent Ras consensus site in Met, they demonstrate that Grb2 and response to approximately 50% of that evoked by the Met are coexpressed in fetal myoblasts and indicate wild-type receptor (Besser et al., submitted; Fixman et that in muscle precursor cells, Grb2 can indeed be a al., 1996) . Thus, a first conclusion drawn from our in vivo downstream effector of Met. results is that the function of HGF in placenta and liver can be fulfilled by a lower threshold of Met-mediated Discussion Ras signal. In placenta and liver, HGF may protect cells from apoptosis, rather than promoting proliferation (a Mutating the Carboxy-Terminal Multifunctional function that is likely to require full Ras signaling).
Docking Sites Is Equivalent to Abrogating
In contrast to placenta and liver, muscles deriving the Met Receptor from migratory precursors (such as those of the limbs, In this report, we demonstrate that interfering with Met diaphragm, and tip of the tongue) were heavily affected receptor signaling has profound and complex effects on by the Grb2-directed mutation, indicating a requirement embryonal development. The two multifunctional SH2
for Grb2-mediated signaling in migratory myoblasts. The docking sites of the receptor (Y 1349 and Y 1356 ) were modidefect was, however, attenuated with respect to the fied by introducing a fragment of human MET cDNA met D/D and null mutants, since these muscles were recarrying the mutations of interest into the met locus duced rather than absent. The presence of muscles in via homologous recombination. The control mouse the limbs of met Grb2/Grb2 mice indicates that at least some (met WT/WT , expressing a murine-human Met chimeric promyoblast precursors end up reaching their final destinatein derived from the fusion with a wild-type human tion in the limb buds. The reduction in muscle seems cDNA) was normal and fertile, demonstrating the validity not to be due to a delay in differentiation, since MyoD of this approach. The severe loss-of-function mutant was found to be expressed in the limbs of the met This suggests that the Met mutation affects myoblast and had the same defects in placenta, liver, and limb precursors during their migratory phase (E9.5-E10.5). In muscles. This indicates that the two carboxy-terminal situ hybridization with the met probe at E10 (the appromultifunctional docking sites are essential to transduce priate time to observe the initial stages of migration) showed that mutant myoblasts left the somites and bethe HGF signal during embryonal development. Our data gan entering the limb bud in a manner similar to the so far do not address the specific roles of Y 1349 and Y 1356 .
controls. This is in keeping with our observation that Individual mutations could be generated to establish MDCK cells expressing the same mutant are fully comthe relative importance of these docking sites in vivo. petent in the scatter response (Ponzetto et al., 1996) . Tyrosines Y 1365 and Y 1001 have also been implicated in However, to colonize the limb, myogenic cells not only Met signaling . Mutation of the need to activate the specific machinery involved in motilcarboxy-terminal Y1365 has the effect of inhibiting epitheity but must also acquire the ability to survive and proliflial cell branching morphogenesis. Our data indicate that erate during migration. Their survival or proliferation (or the presence of Y1365 alone does not rescue the lethal both) may also depend on Met-mediated signaling. In phenotype caused by mutations in Y1349 and Y1356 and contrast to the situation in a culture dish, in vivo HGF therefore suggest a rather limited role for Y1365-specific is unequally distributed, and the highest concentration signaling. It is possible, however, that a mutation in of its active form may not be within reach of every cell. Y 1365 alone may reveal subtle defects in vivo, which are If the residual ability of the met Grb2/Grb2 myoblasts to signal overshadowed by the dramatic effects of the combined through Met is borderline in terms of the requirement Y 1349 and Y 1356 mutations. Furthermore, in vitro, mutation for one of the functions mentioned earlier, only those of the juxtamembrane Y 1001 results in a gain-of-function cells in which the signal is sustained by optimal levels phenotype (constitutively motile "fibroblastoid" epitheof HGF may actually be competent to reach the most lial cells) and suppresses the loss-of-function effect of distal destination, or to act as progenitor of the appromutations in Y 1356 or Y 1365 . It would priate number of daughter cells, or both. This could be interesting to verify in vivo the consequences of muexplain why the phenotype of the met Grb2/D mutants is in tating Y 1001, alone or in combination with individual carall cases a more severe version of that observed in boxy-terminal mutations. met Grb2/Grb2 mice. In met Grb2/D myoblasts, only one allele produces Met receptor with a residual ability for signalMutation of the Met Grb2 Binding Site Affects ing. Thus, the number of receptors capable of residual Development of Migratory Muscles function per cell is half that found in met Grb2/Grb2 myInterfering with the ability of Met to bind Grb2 by disoblasts, and an even higher concentration of HGF is rupting its optimal consensus (Y 1356 VNV→Y 1356 VHV) alrequired to elicit a productive response. This further lowed development to proceed to term, sparing plareduces the number of cells likely to be exposed to an centa and liver, which in these mice appear to be normal.
adequate amount of the ligand. The alternative possibility that the phenotype of the met Grb2/D mutants may be The Grb2 adaptor binds tyrosine kinase receptors with due to a dominant-negative effect of the product of as well as in axial muscles, at the right time and in the right cells to play a role in the formation of secondary the met D allele seems unlikely, given the absence of a phenotype in met ϩ/D heterozygotes.
fibers from fetal myoblasts. Given the importance of the Ras pathway in cell proliferation, it is tempting to correlate the proliferative defect Mutation of the Grb2 Binding Site Reveals of fetal myoblasts caused by the loss of the link with That Met Is Required for Development Grb2 to the inability of this Met mutant to reach a full of Secondary Fibers threshold of Ras activation. However, the SH3 domains Surprisingly, at birth, in met Grb2/Grb2 and met Grb2/D mice not of Grb2 can also potentially couple Met to other signalonly migratory but also nonmigratory muscles (such as ing molecules besides Sos, including Vav (Ye and Baltithose of the back and intercostals), were reduced, almore, 1994), c-Abl (Ren et al., 1994) , dynamin (Gout et though to a lesser extent than appendicular muscles.
al., 1993), dystroglycan (Yang et al., 1995) , and Gab-1 The morphology of these muscles at P0 was abnormal, (Holgado-Madruga et al., 1996) . Vav and c-Abl seem to with smaller fiber caliber and empty spaces between play a role mainly in hematopoietic cells, and dystroglyfibers. This was unexpected, as these muscles were can is part of the dystrophin-associated protein complex normal up to mid-gestation in all mice, including the found in the sarcolemma of mature muscle fibers, but more severe met D/D and null mutants . it has no known function in myoblasts. On the other Since myogenesis occurs in two waves, with secondary hand, Gab-1, a novel IRS-1-like docking protein that muscle fibers just beginning to form in mid-gestation, associates with Grb2 following epidermal growth factor we reasoned that a developmental defect related to the and insulin stimulation, seems to be an intriguing possiformation of secondary myotubes could easily have esbility, especially if it is found to be expressed specifically caped detection in the more severe mutants (met D/D and in myoblasts. null), which die at around this stage of development.
In conclusion, our data indicate that the abnormal Thus, we counted secondary versus primary fibers at development of skeletal muscle in mice expressing Met E17.5, when the two fiber types can most easily be signaling mutants is due to the sum of an early and a discriminated given their difference in size, and found late effect. Met is necessary, with its full potential for that there was a 28% and 57% reduction in secondary signaling via Grb2, in embryonic myoblasts, which mifibers in met Grb2/Grb2 and met Grb2/D mice, respectively. Begrate out of the somite and colonize the limb bud to fore fusing into secondary fibers, fetal myoblasts reenter form appendicular muscles. Our results suggest that a the cell cycle and undergo a phase of active proliferadirect link with Grb2 is not needed to promote the initial tion. Bromodeoxyuridine-labeling revealed that a defect events involved in the migration of myoblasts out of in proliferative activity of fetal myoblasts is likely to be the somites but rather to sustain their proliferation or responsible for the reduction in secondary fibers obsurvival or both during migration. Later in embryogeneserved in the mutants. It was recently reported that HGF sis, Met is again required, in its full signaling capacity, activates quiescent satellite cells in vitro, stimulating to enhance proliferation of fetal myoblasts from which their precocious entry into the cell cycle (Allen et al., secondary fibers are formed. 1995). If this were true also for fetal myoblasts, it could explain why the reduction in secondary fibers is never more severe than 60%, as it was found to be in the two This fusion product (long arm) was subsequently subcloned into the 0.5% Triton X-100 [pH 7.5]). The sections were blocked with 10% goat serum in TBST for 30 min and incubated for 3 hr with the primary NotI-XhoI sites of pPNT-short arm.
antibody. The antibodies used were anti-myosin (monoclonal MF20, provided by Dr. G. Cossu) and anti-laminin (polyclonal L-9393,
Transfection of ES Cells and Blastocyst Injection
Sigma). Affinity-purified fluorescein (FITC)-conjugated goat antiCell culture, electroporation of R1 ES cells (Nagy et al., 1993) , selecrabbit and rhodamin-conjugated goat anti-mouse were purchased tion with G418 and GANC R , and blastocyst injection were essentially from Jackson Immunoresearch Laboratories. Images were taken done as described (Klein et al., 1993) .
with a Fluorescence Image Acquisition System on a LEISS Microscope Multicolor Image. Overlays were done using the same system.
PCR Screening and Southern Blot Analysis
For bromodeoxyuridine labeling, pregnant mice were injected inPools of six individual G418 R and GANC R ES cell clones were tested traperitoneally twice with BrdU (75 g/g of body weight) on E15 (9 for homologous recombination by PCR. The 5Ј amplimer (5Ј-CATCA a.m. and 9 p.m.) and sacrificed on E17.5. The embryos were mounted GAAGCTGACTCTAGAGG-3Ј) contained the XbaI cleavage site in OCT before freezing in isopentane cooled in liquid nitrogen. Serial (underlined) and the last 14 bp corresponding to the polyadenylation frozen 16 m sections were taken. Sections were fixed as above. site of the PGK1-neo cassette. The 3Ј amplimer (5Ј-GAAATAGTCAT To hydrolyze the double-strand DNA for BrdU staining, we incubated GACGTCATCAGC-3Ј) corresponded to genomic sequence located the sections for 1 hr in 2 M HCl, then neutralized with 0.1 M Borax 7 bp downstream of the 3Ј end of the short arm of the targeting and rinsed in TBST buffer. Anti-bromodeoxyuridine FITC-conjugate vector. For Southern analysis of genomic DNA, ES cells were grown (monoclonal 102-693, Boehringer Mannheim) and rhodamin-conjuto confluency in 6 cm dishes, and the DNA was extracted following gated goat anti-rabbit were used to double-label nuclei and the standard procedures. DNA (20 g) was digested with NdeI or ApaI, basal lamina. electrophoresed on a 0.6% agarose gel, blotted, and hybridized with a 32 P-labeled 1.2 kb EcoRI-SapI DNA fragment derived from the phage genomic sequence located immediately upstream of the Whole-Mount In Situ Hybridization 5Ј end of the targeting vector.
Expression of the met gene was analyzed on E10 mouse embryos using the 550 bp HindIII-SacI cDNA probe described above in "TarGenotyping geting Vector." The probe used to analyze the expression of the Genotypes were identified by PCR analysis on DNA isolated from MyoD gene was a 1.8 kb fragment described in Davis et al. (1987) . embryonal sacs of E12.5-E18.5 embryos and from tails at birth (P0).
Mouse embryos were collected and treated as described by Haramis et al. (1995) . For whole-mount hybridization, embryos were rehydrated through the methanol series and washed twice in PBT (phosNorthern Blot Analysis phate-buffered saline and 0.1% Tween-20). Digestion with 10 g/ Total RNA was prepared from adult mouse liver by acid guanidinml of proteinase K was carried out for 30 min (E10 embryos) or 45 ium thiocyanate-phenol-chlorophorm extraction (Chomczynski and min (E11.5 embryos) and was followed by washing in glycine solution Sacchi, 1987) . RNA was separated by electrophoresis in agarose-(2 mg/ml). Digested embryos were refixed in glutaraldehydeformaldehyde gels, blotted into a nitrocellulose filter, and hybridized paraformaldehyde (0.2%-4%) for 20 min, washed twice with PBT, according to the methods described in Sambrook et al. (1989) . The and transferred to the following mix (50% formamide, 5 ϫ SSC [pH probe was a 550 bp HindIII-SacI cDNA fragment, corresponding to 4.5], 2% blocking powder, 0.5 g/ml CHAPS, 50 g/ml yeast RNA, position 2199-2749 in the mouse cDNA sequence (Chan et al., 1988) . 500 mM EDTA) for prehybridization at 70ЊC for at least 3 hr. Synthesis of anti-sense digoxigenin-labeled RNA probes was performed using Western Immunoblotting a DIG RNA Labeling Kit (Boehringer Mannheim), according to inWestern blot analysis of Met and Grb2 protein was performed as structions of the manufacturer. The MyoD RNA probe was alkalipreviously described (Ponzetto et al., 1994) . Briefly, E15.5 embryos treated to obtain fragments of approximately 200 bp. Hybridization or tissues/cells were homogenized in lysis buffer (0.3 g/ml), and the was performed at 70ЊC overnight in the same buffer as prehybridizaresulting extracts were clarified by centrifugation. The Met receptor tion, containing 1 g/ml of digoxigenin-labeled RNA probe. Followwas immunoprecipitated with an anti-Met monoclonal antibody ing hybridization, embryos were washed with 75%, 50%, and 25% raised against the 19 carboxy-terminal amino acids of the human hybridization buffer in 2 ϫ SSC (pH 4.5) at 70ЊC, followed by two Met protein (provided by M. Prat) or with an antiserum against mouse washes in 2 ϫ SSC (pH 4.5), 0.1% CHAPS. Embryos hybridized with Met protein, which has a very low affinity for the human Met protein the MyoD probe were treated with 20 g/ml of RNAse A in 2 ϫ SSC (m-met SP260, Santa Cruz Biotechnology). Grb2 was immunopre-(pH 4.5), 0.1% CHAPS at 37ЊC for 1 hr. Embryos hybridized with the cipitated and blotted with an anti-Grb2 monoclonal antibody met probe were not treated with RNAse A. Embryos were then (G16720, Transduction Laboratories). Immunoprecipitates were washed twice with 100 mM maleic acid, 150 mM NaCl (pH 7.5) at separated by SDS-polyacrylamide gel electrophoresis (8% for Met, room temperature for 10 min and twice at 70ЊC for 30 min. After 12% for Grb2), blotted, and incubated with the appropriate antibodthree washes in PBT, they were incubated overnight at 4ЊC with ies. Specific binding was detected by the enhanced chemiluminessheep polyclonal alkaline phosphatase-conjugated anti-digoxigenin cence system (Amersham).
antibody (Boehringer Mannheim) preadsorbed with mouse embryo powder. The next day, embryos were washed five times with PBT Histological Analysis and 0.1% bovine serum albumin, then twice with PBT and finally Postimplantation embryos were recovered at various times of gestathree times with NTMT (100 mM Tris-HCl [pH 9.5], 100 mM NaCl, tion. The morning the vaginal plug was detected was considered as 50 mM MgCl2, 0.1% Tween-20). The phosphatase reaction was perday 0.5 postcoitum. Embryos and P0 mice were rinsed in phosphateformed in the presence of BM-Purple (Boehringer Mannheim) at buffered saline (PBS) and mounted in OCT (Miles) before freezing room temperature. The reaction was stopped with PBT. Embryos in isopentane cooled in liquid nitrogen, and serial frozen 16 m were cleared in glycerol/PBT solution and photographed with a sections were taken, thaw-mounted onto gelatin-coated glass Zeiss SR stereomicroscope. slides, and allowed to air-dry. Sections were fixed in 4% paraformaldehyde in PB and stained with hematoxylin-eosin. To reveal filamentous actin, we rinsed fixed sections with PBS and with PBS suppleIn Situ Hybridization mented with 0.2% Triton X-100 for 5 min before incubating for 30
In situ hybridization was carried out as described in Hogan et al. min in 5 g/ml of TRITC-phalloidin in PBS. After staining, sections (1994) , with minor modifications. The appropriate probe (30 l) in were rinsed in PBS and mounted with Moviol. Sections were anathe hybridization mix was added to each slide. Hybridization was lyzed and photographed under fluorescence optics.
carried out overnight at 55ЊC. The slides were then washed under stringent conditions (at 65ЊC in 2 ϫ SSC and 50% formamide) and treated with RNAase to remove unhybridized and nonspecifically Immunohistochemistry and Bromodeoxyuridine Labeling For immunofluorescence with anti-myosin and anti-laminin antibodbound probe. Autoradiography was performed with a Kodak NTB/2 emulsion. Exposure times were between 2 and 3 weeks. After develies, 14 m of frozen section were fixed in 4% paraformaldehyde in PB for 5 min and rinsed in TBST solution (100 mM Tris, 0.84% NaCl, oping, sections were stained in 0.02% toluidine blue and mounted
